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(54) TAPELIKE MAGNETIC RECORDING MEDIUM AND SIGNAL REPROACHING METHOD USING THE 
SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a tapelike magnetic recording 
medium which is to be used in a the magneto-resistance effect type 
magnetic head of a shielded type and is suitable for a high density 
recording and to provide the signal reproducing method of the signal 
recorded on the medium. 

SOLUTION: A tapelike magnetic recording medium 1 is constituted by 
allowing a magnetic layer 3 to be formed on a non -magnetic supporting 
body 2 and in this medium, the residual magnetic flux density is made 
to be Br and the thickness side of the magnetic layer 3 is made to be 8 
and, then, this medium has a relation being Br8<Bst/2 with respect to 
the saturated magnetic flux density Bs and the thickness size (t) of a 
magneto-resistance effect element to be used in the magneto-resistance 
effect type magnetic head of the shielded type being a reproducing head 
and the coercive force He of the medium is >1500(Oe). 
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[Claim(s)] 

[Claim l] The tape-like magnetic-recording medium which has the relation it is unrelated Br delta<=Bst / 2 to 
the saturation magnetic flux density Bs of the magneto-resistive effect component used for the 
magneto-resistive effect mold magnetic head which is the reproducing head, and the thickness dimension t in 
the tape like magnetic-recording medium which it comes to form a magnetic layer on a nonmagnetic base 
material, sets a residual magnetic flux density to Br, and sets the thickness dimension of the above-mentioned 
magnetic layer to delta, and is characterized by for coercive force He to be Hc>=1500(Oe). 

[Claim 2] The above-mentioned magnetic layer is a tape-like magnetic -recording medium according to claim 1 
characterized by coming to form membranes a metal magnetic film by the method vacuum deposition of 
slanting, and having an easy axis aslant to the front face of the above-mentioned nonmagnetic base material. 
[Claim 3] Come to form a magnetic layer on a nonmagnetic base material, and a residual magnetic flux density 
is set to Br. It faces manufacturing the tape-like magnetic -recording medium reproduced by the 
magneto-resistive effect mold magnetic head using the magneto-resistive effect component which sets the 
thickness dimension of the above-mentioned magnetic layer to delta, sets saturation magnetic flux density to 
Bs, and sets a thickness dimension to t. The manufacture approach of the tape-like magnetic-recording medium 
characterized by having the relation it is unrelated Br delta<=Bst / 2 by forming a metal magnetic film on a 
nonmagnetic base material with the method vacuum deposition of slanting which makes the minimum incident 
angle 55 degrees or more, and forming the magnetic layer whose coercive force He is Hc>=1500(Oe). 
[Claim 4] The magneto-resistive effect mold magnetic head using the magneto-resistive effect component which 
sets saturation magnetic flux density to Bs, and sets a thickness dimension to t, Come to form a magnetic layer 
on a nonmagnetic base material, and a residual magnetic flux density is set to Br. The relation it is unrelated 
Br delta<=Bst / 2 when the thickness dimension of the above-mentioned magnetic layer is set to delta is 
satisfied. And the signal regeneration approach characterized by coercive force He reproducing the 
above-mentioned tape-like magnetic-recording medium in the above-mentioned magneto-resistive effect mold 
magnetic head using the tape-like magnetic-recording medium which is Hc>=1500(Oe). 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture approach of using for the magneto-resistive 
effect mold magnetic head which used the magneto-resistive effect component, and manufacturing this 
tape-like magnetic- recording medium, concerning a suitable tape-like magnetic-recording medium. 
Furthermore, this invention relates to the signal regeneration approach which reproduces a tape-like 
magnetic-recording medium by the magneto-resistive effect mold magnetic head. 
[0002] 

[Description of the Prior Art] In the field of magnetic recording, high density record ization has been strongly 
required every year with the increment in the amount of information which should be recorded. In connection 
with this, the so-called thin film mold magnetic-recording medium which formed the ferromagnetic metal by 
plating or vacuum thin film means forming (vacuum evaporation technique, a spatter, the ion plating method, 
etc.) is becoming in use instead of the so-called spreading mold magnetic-recording medium which make 
distribute the conventional magnetic particle in a binder, and it comes to apply as a magnetic-recording 
medium. 

[0003] The thin film mold magnetic-recording medium which formed this ferromagnetic metal is excellent in 
coercive force, a remanence ratio, etc., and since it does not need to mix the binder which is nonmagnetic 
material into a magnetic layer like a spreading mold magnetic-recording medium, it can raise the pack density 
(if it puts in another way the amount of magnetization per unit volume) of a magnetic material. Moreover, since 
this thin film mold magnetic-recording medium can make magnetic layer thickness very thin compared with a 
spreading mold magnetic-recording medium, it is excellent in the magnetic parametric performance in a short 
wavelength field. Furthermore, it has the description that record demagnetization is also remarkable and that 
of this thin film mold magnetic recording medium is small. It is thought that it will become in use as a 
magnetic-recording medium for high density record from now on since a thin film mold magnetic-recording 
medium has various dominance ** as compared with a spreading mold magnetic recording medium. 
[0004] By the way, in the field of such magnetic recording, the tape-like magnetic-recording medium which 
formed the magnetic layer with the method vacuum deposition of slanting is used as a thin film mold 
magnetic-recording medium. With the tape-like magnetic-recording medium formed by this method vacuum 
deposition of slanting, a magnetic layer is formed by making a magnetic metal deposit with a vacuum 
deposition method from across on the nonmagnetic base material (high polymer films, such as polyester film, 
and a polyamide, a polyamide film) which carries out migration transit. By the tape like magnetic-recording 
medium created by the method vacuum deposition of slanting, the magnetic particle is carrying out orientation 
aslant to the front face of a nonmagnetic base material, and the high-density record of it is attained compared 
with the conventional magnetic tape which carried out orientation of the magnetic particle to the longitudinal 
direction. By this tape-like magnetic-recording medium, specifically, it is formed so that about 20 degrees of 
easy axes in a magnetic layer may incline to the front face of a nonmagnetic base material. 
[0005] 

[Problem(s) to be Solved by the Invention] By the way, in order to reply to the demand of the formation of high 
density record, not only amelioration of a magnetic-recording medium which was mentioned above but 
amelioration of the magnetic head is required, and the playback system by the magneto -re si stive effect mold 
magnetic head (it is hereafter called an MR head.) using a magneto-resistive effect component also attracts 
attention especially. 

[0006] This MR head is the magnetic head which used the magneto-resistive effect, and can detect a minuter 
signal field. For this reason, an MR head can respond also to reduction of the signal field at the time of record 
wavelength short wavelength izing with high density record. 

[0007] When reproducing a tape-like magnetic -recording medium which was mentioned above using this MR 



head, the optimal conditions are not examined but it did not necessarily come [ however, ] to realize high 
density record fully. 

[0008] Then, this invention aims at being used for the magneto-resistive effect mold magnetic head, and 
offering the tape like magnetic-recording medium suitable for high density record, and offering the 
manufacture approach. Furthermore, this invention aims at offering the signal regeneration approach of the 
signal recorded on the tape-like magnetic-recording medium using the magneto-resistive effect mold magnetic 
head. 
[0009] 

[Means for Solving the Problem] Then, this invention persons came to acquire the knowledge of becoming a 
tape like magnetic-recording medium suitable for the magneto-resistive effect mold magnetic head, by making 
the residual magnetic flux density per unit area in the front face of a tape-like magnetic-recording medium into 
smallness, and making coercive force into size, as a result of inquiring wholeheartedly and examining the 
optimal conditions in case a tape like magnetic-recording medium is reproduced by the magneto-resistive effect 
mold magnetic head, in order to attain the object mentioned above. That is, when a tape-like 
magnetic-recording medium was reproduced by the magneto-resistive effect mold magnetic head of a shielding 
mold, it became clear that the product of the residual magnetic flux density of a medium and thickness must be 
made into smallness so that a magneto-resistive effect component might not be saturated magnetically. 
Moreover, when a tape-like magnetic -recording medium was reproduced by the magneto-resistive effect mold 
magnetic head, it became clear by making coercive force into size that sharp flux reversal can be started 
against the self- demagnetizing field corresponding to the short record wavelength used for ** of high density 
record. 

[0010] Then, the tape-like magnetic recording medium concerning this invention In the tape-like 
magnetic-recording medium which it comes to form a magnetic layer on a nonmagnetic base material, sets a 
residual magnetic flux density to Br, and sets the thickness dimension of the above-mentioned magnetic layer 
to delta It has the relation it is unrelated Br delta<=Bst / 2 to the saturation magnetic flux density Bs of the 
magneto -resistive effect component used for the magneto-resistive effect mold magnetic head which is the 
reproducing head, and the thickness dimension t, and is characterized by coercive force He being Hc>=1500(Oe). 
[00 ll] Moreover, the manufacture approach of the tape like magnetic recording medium concerning this 
invention Come to form a magnetic layer on a nonmagnetic base material, and a residual magnetic flux density 
is set to Br. It faces manufacturing the tape-like magnetic -recording medium reproduced by the 
magneto-resistive effect mold magnetic head using the magneto-resistive effect component which sets the 
thickness dimension of the above-mentioned magnetic layer to delta, sets saturation magnetic flux density to 
Bs, and sets a thickness dimension to t. By forming a metal magnetic film on a nonmagnetic base material with 
the method vacuum deposition of slanting which makes the minimum incident angle 55 degrees or more, it has 
the relation it is unrelated Br delta<=Bst / 2, and is characterized by forming the magnetic layer whose coercive 
force He is Hc>=1500(Oe). 

[0012] Furthermore, the signal regeneration approach using the tape-like magnetic-recording medium 
concerning this invention The magneto-resistive effect mold magnetic head using the magneto-resistive effect 
component which sets saturation magnetic flux density to Bs, and sets a thickness dimension to t, Come to form 
a magnetic layer on a nonmagnetic base material, and a residual magnetic flux density is set to Br. It is 
characterized by satisfying the relation it is unrelated Br delta<=Bst / 2, when the thickness dimension of the 
above-mentioned magnetic layer is set to delta, and reproducing the above-mentioned tape-like 
magnetic-recording medium in the above-mentioned magneto-resistive effect mold magnetic head using the 
tape like magnetic-recording medium whose coercive force He is Hc>=1500(Oe). 

[0013] In addition, the coercive force He mentioned above is the value measured by film surface inboard. 
[0014] The tape like magnetic-recording medium concerning this invention constituted as mentioned above 



does not saturate the magneto-resistive effect component of the magneto- resistive effect mold magnetic head by 
having the relation it is unrelated Br delta<=Bst / 2. By this, the magneto-resistive effect mold magnetic head 
will operate in the range whose resistance rate of change of a magneto-resistive effect component is linearity. 
Therefore, this tape-like magnetic-recording medium is reproduced by the magneto-resistive effect mold 
magnetic head good. 

[0015] Moreover, since the method vacuum deposition of slanting which makes the minimum incident angle 55 
degrees or more is used according to the manufacture approach of the tape-like magnetic-recording medium 
concerning this invention, in the thin film growth process of a metal magnetic film, a self- shadow effect 
becomes large. For this reason, the rate that the opening in the inside of the film occupies becomes large, and 
the metal magnetic film formed will show the small saturation magnetization Bs. Thereby, the magnetic layer 
which has the relation which a tape-like magnetic-recording medium becomes Br delta<=Bst / 2 was formed. 
[0016] Moreover, when the rate of the opening in a metal magnetic film becomes large, the coercive force of a 
magnetic layer will also increase substantially. Thereby, as for the tape-like magnetic-recording medium, the 
magnetic layer whose coercive force He is Hc>=1500(Oe) was formed. Therefore, this tape-like 
magnetic-recording medium will show sharp flux reversal against the self-demagnetizing field corresponding to 
the short record wavelength used for high density record. 

[0017] Furthermore, according to the signal regeneration approach using the tape-like magnetic-recording 
medium concerning this invention, a tape like magnetic-recording medium is reproduced by the 
magneto-resistive effect mold magnetic head under the relation it is unrelated Br delta<=Bst / 2. Thereby, by 
this technique, the magneto-resistive effect mold magnetic head can make the magnetic signal recorded on the 
tape-like magnetic-recording medium a good regenerative signal. 
[0018] 

[Embodiment of the Invention] The tape like magnetic-recording medium concerning this invention, its 
manufacture approach, and the signal regeneration approach using this are explained to a detail with reference 
to a drawing. 

[0019] First, as shown in drawing 1 , the tape-like magnetic-recording medium 1 shown in the gestalt of this 
operation is constituted so that a magnetic layer 3 may be formed at least on the nonmagnetic base material 2. 
Moreover, this tape-like magnetic-recording medium 1 has the protective coat 4 on the magnetic layer 3, and it 
is constituted so that the topcoat layer 5 may be formed on this protective coat 4. Furthermore, with the field in 
which the magnetic layer 3 of the nonmagnetic base material 2 is formed, this tape-like magnetic-recording 
medium 1 has the back coat layer 6 in a reverse field, and is constituted. In addition, in this invention, 
especially a tape-like magnetic -recording medium may be the configuration that it does not have a protective 
coat 4, the topcoat layer 5, and the back coat layer 6. 

[0020] Moreover, in this tape-like magnetic -recording medium 1, although mentioned later for details, thin film 
formation of the magnetic layer 3 is carried out using those with a magnetic thin film and the metal magnetic 
material which are formed using the method vacuum deposition of slanting. As a metal magnetic material, a 
ferromagnetic metal, a Co-nickel system alloy, a Co nickel Pt system alloy, a Fe Co nickel system alloy, a 
Fe-nickel-B system alloy, a Fe Co B system alloy and a Fe Co-nickel-B system alloy, Co Cr system alloys, etc. 
(Co-Cr-Ta, Co Cr-Pt. etc.), such as Fe, Co, and nickel, are mentioned. 

[0021] That coercive force He is set to about 1500 or more Oes, and, as for this magnetic layer 3, it comes to 
make product Brdelta with the thickness delta of a residual magnetic flux density Br and a magnetic layer 3 
into smallness. That is, this tape-like magnetic -recording medium has the relation it is unrelated Br 
delta<=Bst / 2, in case the magneto-resistive effect mold magnetic head which has the magneto-resistive effect 
component which sets saturation magnetic flux density to Bs, and sets thickness to t is reproduced. 
[0022] And the macromolecule base material formed with polymeric materials which are represented by 
polyester, a cellulosic, vinyl system resin, polyimide, polyamides, the polycarbonate, etc. as a nonmagnetic base 



material 2 with which the magnetic layer 3 mentioned above is formed is mentioned. 

[0023] And as for the protective coat 4 formed on a magnetic layer 3, the carbon film, aluminum 203 3 Ti-N, 
MoC, CrC, SiO and Si02 } SiN, etc. are mentioned. Even if it consists of a rusr proofer or lubricant and is 
applied on a protective layer 4, thin film formation of the topcoat layer 5 formed on this protective layer 4 may 
be carried out. Furthermore, the back coat layer 6 formed in a reverse field is a layer which comes to distribute 
the inorganic pigment for controlling carbon system impalpable powder and surface roughness, and the field in 
which the magnetic layer 3 of a nonmagnetic base material was formed is established in order to improve the 
performance traverse of a medium. 

[0024] In the tape-like magnetic-recording medium 1 constituted as mentioned above, since a magnetic layer 3 
is formed by the method vacuum deposition of slanting, the easy axis is aslant formed to the front face of the 
nonmagnetic base material 2. For this reason, by the tape-like magnetic-recording medium 1, a magnetic signal 
is recordable on high density as compared with the present horizontal recording method. 

[0025] Moreover, since it comes to make the coercive force into 1500 or more Oes, the tape-like 
magnetic-recording medium 1 can start sharp flux reversal. That is, this tape-like magnetic-recording medium 
1 can record a magnetic signal corresponding to high density record. 

[0026] Furthermore, in relation with the magneto-resistive effect mold magnetic head to reproduce, as 
mentioned above, this tape like magnetic-recording medium 1 is formed so that it may be set to Br delta <=Bst / 
2. For this reason, this tape-like magnetic-recording medium 1 can operate the magnetic head in the range 
which does not exceed the limitation of the ability to regenerate of the magnetic head, in case the 
magneto -resistive effect mold magnetic head is reproduced. 

[0027] By the tape-like magnetic recording medium 1 constituted as mentioned above, in case the magnetic 
signal recorded on the magnetic layer 3 is reproduced, the magneto-resistive effect mold magnetic head 11 (it is 
hereafter called MR head 11.) using the magneto-resistive effect component 10 (it is hereafter called the MR 
component 10.) as shown in drawing 2 is used. In this MR head 11, the MR component 10 serves as a magnetic 
force sencor to a magnetic signal, and carries out magnetosensitive **** playback of the magnetic signal from 
the tape-like magnetic-recording medium 1. In this MR head 11, impression of the magnetic signal which is an 
external magnetic field changes the electric resistance of the MR component 10, as shown in drawing 3 . And 
MR head 11 detects change of such electric resistance as change of an electrical potential difference by 
supplying a fixed sense current to this MR component 10. 

[0028] This MR head 11 is the so-called shielding type of magneto-resistive effect mold magnetic head. The 
lower layer shielding 12, The lower gap 13 formed on this lower layer shielding 12, and the MR component 10 
formed on this lower gap 13, It consists of the point electrode 14 and the back end section electrode 15 which 
were formed in the both ends of the longitudinal direction of this MR component 10, a bias field conductive 
layer 17 formed above the MR component 10 through the nonmagnetic insulating layer 16, and upper shielding 
18 formed on the point electrode 14. 

[0029] In this MR head 11, the lower layer shielding 12 and the upper shielding 18 consist of the magnetic 
substance, and the lower gap 13 and the point electrode 14 consist of non-magnetic material. Moreover, in MR 
head 11, the back end section electrode 15 and the bias field conductor layer 17 consist of a conductor. 
[0030] MR head 11 constituted as mentioned above uses as a medium opposed face the side face shown in [ A ] 
drawing 2 , and reproduces the magnetic signal recorded on the tape-like magnetic recording medium 1 
mentioned above. At this time, by MR head 11, the MR component 10 serves as a magnetic force sencor, and the 
signal field from a tape-like magnetic-recording medium is impressed to the MR component 10. And in this MR 
head 11, the sense current of a fixed current is supplied to the MR component 10 from the back end section 
electrode 15. After this sense current is supplied to the MR component 10, it will be grounded from a point 
electrode. 

[0031] When a sense current is supplied, this MR component 10 will show the electrical -potential -difference 



change according to change of electric resistance, in order to show the so-called magneto-resistive effect as 
shown in drawing 3 [ say / that that electric resistance changes ], when a field is impressed from the exterior. 
And MR head 11 will reproduce a magnetic signal by detecting electrical-potential-difference change of the 
sense current by the signal field. In addition, at this time, in MR head 11, the current is supplied to the bias 
field conductor layer 17, and the bias field has occurred from this bias field conductor layer 17. By impressing 
this bias field to the MR component 10, the MR component 10 comes to show resistance change with sufficient 
linearity. 

[0032] Moreover, this MR head 11 is the magneto-resistive effect mold magnetic head of the shielding mold 
which has the lower layer shielding 12 and the upper shielding 18. That is, in this MR head 11, the signal field 
which is not the object for playback generated from the tape-like magnetic-recording medium 1 will be drawn in 
the lower layer shielding 12 and the upper shielding 18. Therefore, in this MR head 11, only the signal field for 
playback will be impressed by the MR component 10 among the signal fields generated from the tape-like 
magnetic-recording medium 1. 

[0033] When MR head 11 and the tape like magnetic-recording medium 1 which were mentioned above express 
Br and the thickness dimension of a magnetic layer 3 as delta for the residual magnetic flux density of a 
magnetic layer 3 and the thickness dimension of Bs and the MR component 10 is expressed for the saturation 
magnetic flux density of the MR component 10 as t, it has the relation it is unrelated Br delta<=Bst / 2. For this 
reason, this tape like magnetic-recording medium 1 does not saturate the MR component 10 magnetically by 
the signal field to generate. That is, the magnetic signal recorded on the tape-like magnetic-recording medium 
1 is made to operate in a field with the sufficient linearity which shows the MR component 10 in [ R ] drawing 3 , 
without making it saturated magnetically. 

[0034] Moreover, as for this tape-like magnetic-recording medium 1, it comes to make coercive force He of a 
magnetic layer 3 into Hc>=1500(Oe). Thereby, by this tape-like magnetic-recording medium 1, in case a 
magnetic signal is recorded, here where a magnetic layer 3 starts sharp flux reversal to a magnetic signal is 
made. For this reason, in the tape like magnetic-recording medium 1, the inconvenience by self-demagnetizing 
field increasing in connection with a magnetic signal being short wavelength ized is avoidable. That is, this 
tape-like magnetic-recording medium 1 can record a magnetic signal corresponding to high density record. 
[0035] In addition, in MR head 11 mentioned above, the MR component 10 may be the so-called GMR 
component which shows giant magneto-resistance. When saturation magnetic flux density of a GMR 
component is set to Bs also at this time and it sets thickness to t, the tape-like magnetic recording medium and 
the MR head should just have the relation it is unrelated Br delta<=Bst / 2. 

[0036] On the other hand, the manufacture approach of the tape-like magnetic -recording medium concerning 
this invention can be faced and applied for manufacturing the tape-like magnetic-recording medium 1 
mentioned above. Below, the manufacture approach of the tape-like magnetic -recording medium concerning 
this invention is explained at a detail. 

[0037] By this tape-like magnetic-recording medium 1, thin film formation of the metal magnetic material 
which constitutes a magnetic layer 3 on the nonmagnetic base material 2 is carried out by the method vacuum 
deposition of slanting. At this time, the magnetic layer 3 of the tape like magnetic-recording medium 1 is 
formed by vacuum evaporationo equipment 20 as shown in drawing 4 . 

[0038] This vacuum evaporationo equipment 20 consists of the cooling can 21 built over the nonmagnetic base 
material 2 so that the field which forms a magnetic layer 3 might become outside, the delivery roll 22 which 
sends out the nonmagnetic base material 2 to the cooling can 21 of a winding lever, a rolling up roll 23 which 
rolls round the nonmagnetic base material 2, crucible 24 which pays a metal magnetic material, and a shutter 
25 of the couple which counters with the nonmagnetic base material 2 over which the cooling can 21 was built, 
and is allotted. This vacuum evaporationo equipment 20 has the composition that the shutter 25 of a couple 
exposes some nonmagnetic base materials 2 to the method of outside. Moreover, this vacuum evaporationo 



equipment 20 has the tension roller 26 of a couple, in order to build the cooling can 21 over the nonmagnetic 
base material 2 by the predetermined tension. 

[0039] This vacuum evaporationo equipment 20 is constituted so that crucible 24 may be aslant located to the 
cooling can 21. an include angle predetermined in the part and crucible 24 by which in other words this vacuum 
evaporationo equipment 20 is exposed to the method of outside with the shutter 25 of a couple among the 
nonmagnetic base materials 2 over which the cooling can was built - with, it is constituted so that it may 
counter. Specifically with this vacuum evaporationo equipment 20 } the particle of the metal magnetic material 
which disperses from crucible 24 will deposit on the part exposed to a way outside the nonmagnetic base 
material 2 with a predetermined incident angle. 

[0040] At this time, an incident angle is an include angle which the direction where a metal magnetic particle 
disperses, and radial make, as shown in [ theta ] drawing 4 . Moreover, the thing of a low include angle is most 
set to minimum incident angle thetaL in an incident angle here. It consists of vacuum evaporationo equipment 
20 used for the manufacture approach of the tape-like magnetic -recording medium concerning this invention so 
that the minimum incident angle thetaL may become 55 degrees or more. 

[0041] In case a magnetic layer 3 is formed in one front face of the nonmagnetic base material 2 using such 
vacuum evaporationo equipment 20, the front face of the nonmagnetic base material 2 is made to vapor-deposit 
a metal magnetic material by heating the metal magnetic material in crucible 24. At this time, a magnetic layer 
3 can be formed with this vacuum evaporationo equipment 20 only into the part exposed to a way outside the 
nonmagnetic base material 2 except for the part covered by the shutter 25 of a couple. And when the 
nonmagnetic base material 2 rolls round from a delivery roll 22 and runs toward a roll 23, a magnetic layer 3 
will be formed one by one by the front face of the nonmagnetic base material 2. 

[0042] the part in which crucible 24 has exposed to a way the metal magnetic material which evaporates from 
crucible 24 outside the nonmagnetic base material 2 at this time, and a predetermined include angle - with, 
since it has countered, it deposits so that it may have a predetermined include angle on the nonmagnetic base 
material 2. That is, with this vacuum evaporationo equipment 20, since minimum incident angle thetaL of the 
metal magnetic material to vapor-deposit is made into 55 degrees or more, a self-shadow effect arises to the 
particle of the metal magnetic material to deposit. Here, a self- shadow effect is becoming the shadow of the 
particle which the particle deposited in case thin film growth is carried out approaches, and is deposited. And 
for this self-shadow effect, thin film growth of the particle to deposit cannot be carried out, but it becomes high 
density with the film with many openings. Therefore, the magnetic layer 3 formed by this vacuum evaporationo 
equipment 20 serves as ****** with many openings. 

[0043] For this reason, by this tape-like magnetic-recording medium 1, the saturation magnetic flux density 
and the residual magnetic flux density of a magnetic layer 3 serve as smallness. Moreover, by this tape-like 
magnetic-recording medium 1, a magnetic particle will be separated spatially and it becomes that whose 
coercive force improved. Moreover, according to this technique, the magnetic properties of a magnetic layer 3 
are easily controllable by adjusting the minimum incident angle. 

[0044] By this technique, Br and the thickness dimension of a magnetic layer are expressed for the residual 
magnetization of the magnetic layer 3 in the tape like magnetic-recording medium 1 as delta, and when Bs and 
the thickness dimension of a component are expressed for the saturation magnetization of the MR component 
10 which reproduces this tape-like magnetic-recording medium 1 as t, specifically, the tape-like 
magnetic-recording medium 1 can be manufactured so that it may have the relation it is unrelated Br 
delta<=Bst / 2. For this reason, according to this technique, the manufactured tape-like magnetic-recording 
medium 1 does not saturate magnetically the MR component 10 in MR head 11. That is, the magnetic signal 
recorded on the tape-like magnetic -recording medium 1 is made to operate in the field R with the sufficient 
linearity in drawing 3 , without saturating the MR component 10 magnetically. 

[0045] Moreover, by this technique, this tape-like magnetic-recording medium 1 can be manufactured so that 



the coercive force He of a magnetic layer 3 may become Hc>=1500(Oe). Thereby, by this tape-like 
magnetic-recording medium 1, in case a magnetic signal is recorded, here where sharp flux reversal is started is 
made. For this reason, the tape-like magnetic-recording medium 1 can avoid the inconvenience by 
self-demagnetizing field increasing in connection with a magnetic signal being short- wavelengthized. That is, 
this tape-like magnetic-recording medium 1 can record a magnetic signal corresponding to high density record. 
[0046] The signal-regeneration approach of the tape-like magnetic-recording medium applied to this invention 
further on the other hand is characterized by to have the relation it is unrelated Br delta<=Bst / 2, in case it 
reproduces by the magneto-resistive effect mold magnetic head using the magneto-resistive effect component 
which sets saturation magnetization to Bs for the tape-like magnetic-recording medium which it comes to form 
a magnetic layer on a nonmagnetic base material, sets residual magnetization to Br, and sets the thickness 
dimension of the above-mentioned magnetic layer to delta, and sets a thickness dimension to t. 
[0047] That is, by this signal regeneration approach, it reproduces by MR head 11 using the MR component 10 
which shows resistance rate of change as shows the tape like magnetic-recording medium 1 which was 
mentioned above to drawing 3 . Since it has the relation which the tape-like magnetic-recording medium 1 and 
MR head 11 become Br delta<=Bst / 2 at this time, signal regeneration processing can be carried out without 
saturating the MR component 10 magnetically. 

[0048] Moreover, by the tape-like magnetic-recording medium 1 which was mentioned above, since the 
magnetic interaction between magnetic particles is reduced, it becomes that to which the noise decreased. In 
MR head 11 which was mentioned above, the noise of the tape-like magnetic-recording medium 1 will act on an 
SN ratio greatly. Thereby, according to this signal regeneration approach, since the noise of the tape-like 
magnetic-recording medium 1 is reduced, a high SN ratio is realizable. 
[0049] 

[Example] Hereafter, with the application of this invention, the tape-like magnetic-recording medium 1 was 
manufactured actually, and the property was evaluated. Here, the example 5 was created from the example 1, 
and in order to compare with this, the example 5 of a comparison was created from the example 1 of a 
comparison. 

[0050] The magnetic layer 3 was formed in one front face of this high polymer film in this example and the 
example of a comparison, using a high polymer film as a nonmagnetic base material 2. When forming this 
magnetic layer 3, as shown in drawing 4 , using vacuum evaporationo equipment 20, the metal magnetic 
material was vapor-deposited with the method vacuum deposition of slanting, and membranes were formed. 
Here, Co was used as a metal magnetic material. 

[0051] The membrane formation conditions at this time are described below. 

[0052] a membrane formation condition and ingot: - ColOO and incident angle whenever: - 55 degrees - 90 
degree and amount of oxygen installation: - 0.2 - 0.5 1/min and degree of vacuum: -- by forming a magnetic 
layer 3 on the nonmagnetic base material 2 on the membrane formation conditions above 2x10 to 2 Pa, when 
Co-0 accumulates as a nonmagnetic particle, a magnetic layer 3 is formed, while Co accumulates as a magnetic 
particle. And 20 degrees - 30 degrees of the easy axis come to incline in the magnetic layer 3 formed in this way 
on the front face of the nonmagnetic base material 2. In addition, the thickness of a magnetic layer 3 was 
controlled by changing the feed rate of a tape, or the charge power of an electron gun. 

[0053] And next, the carbon protective layer 4 was formed so that a thickness dimension might be set to about 
8nm on a magnetic layer 3, and the topcoat layer 5 was formed on this carbon protective layer 4. Furthermore, 
the back coat layer 6 was formed in the front face of the nonmagnetic base material 2 of an opposite hand with 
the side in which the magnetic layer 3 was formed. Then, it judged to predetermined magnetic tape width of 
face, and the tape-like magnetic-recording medium 1 was completed. 

[0054] In the formation process of the magnetic layer 3 mentioned above, the magnetic properties can be 
changed by changing membrane formation conditions variously. Specifically, a residual magnetic flux density 



and coercive force are controllable by making minimum incident angle thetaL into various values. Thus, the 
result of having controlled the residual magnetic flux density and coercive force of a magnetic layer 3 is shown 
in a table 1 and a table 2. In addition, a table 1 is the case where the thickness of a magnetic layer 3 is 100 
micrometers, and a table 2 is the case where the thickness of a magnetic layer 3 is 50 micrometers. 
[0055] 
[A table l] 

j]lH<5 : 1 6 0[nrn] 





45-90° 


50-90° 


55-90° 


60-90° 


BsCG] 


5650 


3640 


3000 


2500 


Br[G] 


4140 


2950 


2010 


1760 


Hc//[Oe] 


1400 


1700 


1950 


2000 


Br0[G • jum] 


410 


295 


200 


180 



[0056] 
[A table 2] 

mm 0:50 [nm] 





45-90° 


50-90° 


55-90' 


60-90° I 


BsEG] 


5400 


3640 


2900 


2500 


Br[G] : 


4080 


2900 


1950 


1760 


Hc//[Oe] 


1350 


1500 [ 


1650 


1700 


Brd[G • urvi] 


205 


145 


100 


88 



[0057] There is an inclination for saturation magnetic flux density to become small, so that from these tables 1 
and a table 2 and the minimum incident angle becomes large, and for coercive force to become large. That is, by 
controlling the minimum incident angle, as mentioned above shows that it becomes possible to control the 
magnetic properties of a magnetic layer 3. 

[0058] Thus, magnetic properties were controlled and the example 5 of a comparison was created from the 
example 5 and the example 1 of a comparison from an example 1. And the magnetic parametric performance 
was measured about each of these samples. At this time, the magnetic signal was recorded on each sample by 
the MIG (Metal in Gap) head which sets gap length to 0.22 micrometers and sets the width of recording track to 
86 micrometers. In addition, 0.3 micrometers was used as wavelength considered to be used in future 
super-high density record as record wavelength of a magnetic signal at this time. 

[0059] And MR head A for which nickel Fe was used as a MR component 10, and GMR head B for which the 
GMR component which shows giant magneto-resistance as a MR component 10 was used were used for 
magnetic parametric performance measurement. The width of recording track shall be set to 5 micrometers, 
and this MR head A shall have Bst / MR component of 2= 200 (Gmum). Moreover, the width of recording track 
shall be set to 5 micrometers, and this GMR head B shall have Bst / MR component of 2= 100 (G mum). 
Moreover, in these MR headA and GMR head B, the head effectiveness was set to about 0.4, respectively In 



addition, in this magnetic parametric performance measurement, the tape speed was made into 1 m/min as a 
relative velocity. 

[0060] And the sample mentioned above was reproduced by MR headA or GMR head B, and the SN ratio was 
measured about each sample. About, the example 1 - the example 3 and the example 1 of a comparison - the 
example 3 of a comparison, it reproduced by MR head A. The measurement result is shown in a table 3. 
Moreover, about the example 4, the example 5, the example 4 of a comparison, and the example 5 of a 
comparison, it reproduced by GMR head B. The measurement result is shown in a table 4. In addition, 
magnetic properties were measured with the oscillating sample mold magnetometer here. 
[0061] 
[A table 3] 

Efltiftft0-.3 urn 
fem^y K : v-JU K^Ni-FeMR^ y K 
*<y K0>Bs : 10[kGL t : 0.04[/xm] 
Bs • t/2=200[G ■ Mm] 
: 0.4 



mmw 3 
tt$m^ 

J±$£01]3 



Br 5 
[G ■ /im] 

70 

140 

190 

300 

750 

150 



Hc//[Oe] 

1500 
1800 
1750 
1800 
1750 
1200 



SNJ±[dB] 

21.0 

22.1 

23.7 

16.1 

15.0 

19.0 



[0062] 
[A table 4] 



!fi^&:S0.3/im 
"*y KE>Bs ■ t/2=1 0 0[G • m] 





Br 6 
[G - jam] 


Hc//[Oe] 


SNttfdB] 




7 0 


15 0 0 


2 1.0 




1 0 0 


1 7 0 0 


2 2.0 


tmm 4 


2 0 0 


17 5 0 


1 8.5 


tt&m 5 


10 0 


12 0 0 


1 9.2 



[0063] In these tables 3 and a table 4, it shall have a good magnetic parametric performance as an SN ratio is 



20dB or more in value. When the value of 20dB in an SN ratio is converted into an error rate, it is equivalent to 
5x10. Therefore, the value of the SN ratio of 20dB or more is value sufficient as an error rate in the usual data 
media. 

[0064] By setting a tape-like magnetic-recording medium to Br delta<=Bst / 2 in the relation between a 
magnetic layer 3 and the magnetic properties of the MR head to reproduce, and setting coercive force of a 
magnetic layer 3 to 1500 or more Oes shows having a good magnetic parametric performance from these tables 
3 and a table 4. 
[0065] 

[Effect of the Invention] In case the magneto-resistive effect mold magnetic head which has the 
magneto-resistive effect component which sets saturation magnetic flux density to Bs, and sets thickness to t is 
reproduced, by the tape -like magne tkr recording medium concerning this invention, it has the relation it is 
unrelated Br delta<=Bst / 2, so that clearly from the above explanation. Thereby, this tape-like 
magnetic-recording medium is reproduced by the magneto-resistive effect mold magnetic head with a good SN 
ratio. 

[0066] Moreover, by the manufacture approach of the tape like magnetic-recording medium concerning this 
invention, the minimum incident angle at the time of forming a magnetic layer is made into 55 degrees or more. 
For this reason, according to this technique, the tape-like magnetic recording medium which has magnetic 
properties which were mentioned above can be manufactured. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing ll It is the sectional view of the tape-like magnetic-recording medium concerning this invention. 
[Drawing 21 It is the important section sectional view of a tape like magnetic-recording medium and an MR 
head. 

[Drawing 31 It is property drawing showing a magneto-resistive effect curve, and an axis of abscissa shows an 
external magnetic field, and an axis of ordinate shows the resistance of MR component. 

[Drawing 41 It is the outline block diagram of the vacuum evaporationo equipment used for the manufacture 
approach of the tape-like magnetic-recording medium concerning this invention. 
[Description of Notations] 

1 Tape-like Magnetic-Recording Medium, 2 Nonmagnetic Base Material. 3 Magnetic Layer, 10 
Magneto-resistive Effect Component, 11 Magneto-resistive Effect Mold Magnetic Head, 20 Vacuum 
Evaporationo Equipment, 24 Crucible, 25 Shutters, Theta Incident Angle, ThetaL The Minimum Incident 
Angle 
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